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Introduction
&KDQJHV LQ MXYHQLOH KRUPRQH -+ WLWHU GXULQJ
GHYHORSPHQW PRGXODWH PHWDPRUSKRVLV LQ ERWK
KHPLPHWDERORXV DQG KRORPHWDERORXV LQVHFWV
ZKHUHDV LQ DGXOW IHPDOHV KLJK -+ WLWHU LV
DVVRFLDWHG ZLWK YLWHOORJHQHVLV DQG RRF\WH
PDWXUDWLRQ LQ PRVW VSHFLHV %HOOpV  5DLNKHO
HW DO  ,Q DGGLWLRQ LQ FRFNURDFKHV VXFK DV
Blattella germanica WKDW WUDQVSRUW DQ HJJ FDVH
WKH RRWKHFD H[WHUQDOO\ XQWLO HJJ KDWFKLQJ -+
SURGXFWLRQ LV YHU\ ORZ GXULQJ WKH SHULRG RI
WUDQVSRUW ZKLFK UHGXFHV RRF\WH JURZWK WKXV
DYRLGLQJ WKH SUHPDWXUH GHSRVLWLRQ RI WKH RRWKHFD
2VRULRHWDO
7KH XQXVXDO UHSURGXFWLYH SK\VLRORJ\ DQG
RYLSRVLWLRQ EHKDYLRU RI B. germanica KDV OHG WR
VWXG\ WKH PHFKDQLVPV RI -+ UHJXODWLRQ DQG D
FRQVLGHUDEOH DPRXQW RI LQIRUPDWLRQ RQ WKLV WRSLF
LV DYDLODEOH 0RVW RI WKH GDWD FRQFHUQ -+ UDWHV RI
ELRV\QWKHVLV E\ WKH corpora allata &$ HLWKHU LQ
WKH DGXOW GXULQJ WKH ILUVW YLWHOORJHQLF F\FOH %HOOpV
HW DO  *DGRW DQG 6FKDO  %HOOpV HW DO
 0DHVWUR HW DO  DV ZHOO DV GXULQJ WKH
WZR ODVW Q\PSKDO LQVWDUV &UX] HW DO 
&RQYHUVHO\ PXFK OHVV LQIRUPDWLRQ LV DYDLODEOH RQ
-+ FRQFHQWUDWLRQ LQ WKH KHPRO\PSK 7KH ILUVW
VWXG\ LGHQWLILHG -+ ,,, DV WKH -+ KRPRORJ SUHVHQW
LQ WKH DGXOWV RI B. germanica DQG DOVR UHSRUWHG
SUHOLPLQDU\ UHVXOWV RQ -+ WLWHU LQ WKH KHPRO\PSK
GXULQJ WKH ILUVW UHSURGXFWLYH F\FOH RI DGXOW
IHPDOHV &DPSV HW DO  6XEVHTXHQW
PHDVXUHPHQWV in vivo ZHUH FDUULHG RXW RQ DGXOW
IHPDOHV GXULQJ WKH ILUVW UHSURGXFWLYH F\FOH DQG
GXULQJ WKH SHULRG RI RRWKHFD WUDQVSRUW 6HYDOD HW
DO  'DWD RQ KHPRO\PSK -+ WLWHU LQ Q\PSKV
RI B. germanica DUHODFNLQJ
*LYHQ WKDW KHPRO\PSK OHYHOV RI -+ LV ZKDW UHDOO\
FRXQWV ZKHQ FRQVLGHULQJ ELRORJLFDO HIIHFWV ZH
KDYH PHDVXUHG -+ WLWHU LQ WKH KHPRO\PSK RI B.
germanica IHPDOHV LQ IRXU SK\VLRORJLFDO
VLWXDWLRQV UHODWHG WR PHWDPRUSKRVLV DQG
UHSURGXFWLRQ SHQXOWLPDWH DQG ODVW LQVWDU
Q\PSKV DGXOWV GXULQJ WKH ILUVW YLWHOORJHQLF F\FOH
DQG DGXOWV WUDQVSRUWLQJ WKH RRWKHFD 'DWD
REWDLQHG ZLOO FRPSOHPHQW RXU SUHYLRXV UHVXOWV
WKDW GHVFULEHG -+ V\QWKHVLV E\ WKH &$ DQG ZLOO
KHOS WR EHWWHU XQGHUVWDQG WKH HIIHFWV RI WKLV
KRUPRQHLQRXUPRGHOVSHFLHV
Materials and Methods
Insects
6SHFLPHQV RI B. germanica ZHUH REWDLQHG IURP D
FRORQ\ UHDUHG LQ WKH GDUN DW    & DQG
± 5+ )UHVKO\ HFG\VHG Q\PSKV RU DGXOW
IHPDOHV ZHUH VHOHFWHG DQG XVHG DW WKH DSSURSULDWH
DJHV )HPDOH Q\PSKV ZHUH VH[HG DQG VWDJHG DV
SUHYLRXVO\ GHVFULEHG 5RVV DQG &RFKUDQ 
$OO GLVVHFWLRQV DQG WLVVXH VDPSOLQJ ZHUH FDUULHG
RXWRQFDUERQGLR[LGHDQDHVWKHWL]HGVSHFLPHQV
Hemolymph sampling
+HPRO\PSK ZDV FROOHFWHG IURP HDFK VSHFLPHQ
IURP SHQXOWLPDWH Q\PSKDO LQVWDU WR DGXOW VWDJH
ZLWK D FDOLEUDWHG PLFURSLSHWWH DSSOLHG WR D FXW
IHPXU +HPRO\PSK IURP  WR  LQGLYLGXDOV RI
HDFK DJH ZDV SRROHG DQG  WR  SRROV ZHUH
DQDO\]HG
Identification and quantification of
hemolymph juvenile hormone
+HPRO\PSK VDPSOHV ± ƫO ZHUH GLOXWHG LQ 
PO PHWKDQRO FRQWDLQLQJ  SPRO HWK\O HVWHU
KRPRORJXHV RI -+ , DQG -+ ,,, DV LQWHUQDO
VWDQGDUGV -+ PHDVXUHPHQW ZDV SHUIRUPHG DV
SUHYLRXVO\ UHSRUWHG 5HPEROG DQG /DFNQHU 
(VVHQWLDOO\ WKH PHWKRG LV EDVHG RQ H[WUDFWLRQ LQ
LVRRFWDQH DGVRUSWLRQGHVRUSWLRQ VHTXHQFHV
LQYROYLQJ GHULYDWL]DWLRQ RI -+V DQG PHDVXUHPHQW
E\ FRPELQHG JDV FKURPDWRJUDSK\VHOHFWHG LRQ
PRQLWRULQJ PDVV VSHFWURPHWU\ *&066,0
7KH PHWKRG PHDVXUHV IUHH DQG ERXQG -+ DQG LV
UHODWHG WR WKDW RI %HUJRW HW DO  DOWKRXJK LW
IROORZV D GLIIHUHQW V\VWHP RI GHULYDWL]DWLRQ RI -+
%HIRUH SURFHVVLQJ WKH KHPRO\PSK  RU 
SPRO RI -+ , DQG -+ ,,, HWK\O VWDQGDUGV ZHUH
DGGHG WR HDFK VDPSOH GHSHQGLQJ UHVSHFWLYHO\ RQ
ZKHWKHU -+ SURGXFWLRQ E\ &$ ZDV KLJK
SHQXOWLPDWH Q\PSKDO LQVWDU DQG WUDQVLWLRQ WR ODVW
Q\PSKDO LQVWDU DGXOW IHPDOH LQ WKH ILUVW
YLWHOORJHQLF F\FOH WUDQVLWLRQ IURP WKH SHULRG RI
RRWKHFD WUDQVSRUW WR WKH VHFRQG YLWHOORJHQLF F\FOH
RU ORZ ODVW Q\PSKDO LQVWDU DGXOW IHPDOH LQ WKH
SHULRGRIRRWKHFDWUDQVSRUW
$ ILUVW VHULHV RI PHDVXUHPHQWV ZHUH FDUULHG RXW
ZLWK D &DUOR (UED +5&*06 JDV FKURPDWRJUDSK
FRXSOHG RQOLQH ZLWK D 9DULDQ
ZZZYDULDQLQFFRP &+ $GRXEOH IRFXVHG
VHFWRU ILHOG PDVV VSHFWURPHWHU $ IDOOLQJ QHHGOH
LQMHFWRU ZDV XVHG WR LQMHFW  ƫO RI VDPSOH 7KH
LQMHFWRU WHPSHUDWXUH ZDV & WKH LQLWLDO RYHQ
WHPSHUDWXUH ZDV & DQG RYHQ WHPSHUDWXUH
SURJUDP PRYHG IURP & WR ILQDO &
&PLQ 7KH PDVV PHDVXUHPHQW ZDV VWDUWHG 
PLQ DIWHU VDPSOH LQMHFWLRQ DQG WKH GLIIHUHQW -+V
ZHUH HOXWHG ZLWKLQ WKH QH[W  PLQ $ VHFRQG VHULHV
RI PHDVXUHPHQWV ZHUH FDUULHG RXW ZLWK DQ $JLOHQW
ZZZDJLOHQWFRP  *&  1 JDV
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FKURPDWRJUDSK FRXSOHG ZLWK DQ $JLOHQW 06'
 PDVV GHWHFWRU $ VSOLWOHVV LQMHFWLRQ PRGH
ZDV XVHG WR LQMHFW  ƫO RI VDPSOH $Q $JLOHQW 
DXWRVDPSOHU ZDV XVHG IRU LQMHFWLRQ LQWR WKH JDV
FKURPDWRJUDSK ,Q WKLV FDVH WKH LQMHFWLRQ SRUW
WHPSHUDWXUH ZDV & WKH LQLWLDO RYHQ
WHPSHUDWXUH ZDV & DQG RYHQ WHPSHUDWXUH
SURJUDP PRYHG IURP & WR ILQDO &
&PLQ 7KH GLIIHUHQW -+V ZHUH HOXWHG ZLWKLQ
WKH QH[W  PLQ ,Q ERWK VHULHV RI PHDVXUHPHQWV D
IXVHG VLOLFD FDSLOODU\ FROXPQ -	: '%  ILOP
WKLFNQHVV ƫP OHQJWK  P  ƫP ,' ZDV
XVHG WR VHSDUDWH WKH -+ GHULYDWLYHV DQG WKH OLPLW
RI GHWHFWLRQ ZDV  SPRO RI -+ %RWK VHULHV RI
PHDVXUHPHQWVJDYHVLPLODUUHVXOWV
Incubation of corpora allata and
quantification of juvenile hormone
synthesis
,QGLYLGXDO corpora cardiaca±corpora allata
FRPSOH[HV IURP IHPDOHV RI NQRZQ DJHV ZHUH
LQFXEDWHG LQ  ƫO RI 7& PHGLXP 6LJPD
ZZZVLJPDDOGULFKFRP FRQWDLQLQJ
/PHWKLRQLQH  P0 +DQN¶V VDOWV +HSHV 
P0 SOXV )LFROO  PJPO WR ZKLFK
/>+PHWK\O@PHWKLRQLQH $PHUVKDP
ZZZDSELRWHFKFRP KDG EHHQ DGGHG WR DFKLHYH D
ILQDO VSHFLILF DFWLYLW\ RI  *ETPPRO -+ ,,,
ZKLFK LV WKH QDWLYH -+ LQ WKH DGXOW IHPDOH RI B.
germanica &DPSV HW DO  ZDV TXDQWLILHG
DIWHU  K RI LQFXEDWLRQ $W WKH HQG RI WKH
LQFXEDWLRQ -+ ,,, V\QWKHVLV ZDV GHWHUPLQHG E\
RUJDQLF VROYHQW H[WUDFWLRQ RI WKH PHGLXP SOXV WKH
LQFXEDWHG JODQGV IROORZHG E\ -+ SXULILFDWLRQ E\
WKLQ OD\HU FKURPDWRJUDSK\ DV SUHYLRXVO\
GHVFULEHG3LXODFKVDQG&RXLOODXG
Results
JH in female nymphs
7KH FRQFHQWUDWLRQ RI -+ ,,, ZKLFK ZDV WKH RQO\
-+ KRPRORJ SUHVHQW LQ DOO VDPSOHV ZDV
GHWHUPLQHG LQ WKH KHPRO\PSK RI B. germanica
IHPDOHV GXULQJ WKH WZR ODVW Q\PSKDO LQVWDUV )LJ
$ 7KH WLWHU RI -+ ,,, LQ WKH KHPRO\PSK RI WKH
ILIWK SHQXOWLPDWH Q\PSKDO LQVWDU ZDV ORZ
EHWZHHQ  DQG  QJPO 7KH PRVW IUHTXHQW
YDOXHV ZHUH DURXQG  QJPO /RZHU YDOXHV ZHUH
IRXQG RQ GD\V  DQG  DQG KLJKHU YDOXHV RQ GD\ 
'LIIHUHQFHV EHWZHHQ YDOXHV RI GD\  DQG GD\V 
DQG  DUH VWDWLVWLFDOO\ VLJQLILFDQW tWHVW S  
DQGS UHVSHFWLYHO\
:LWKLQ WKH VL[WK ODVW Q\PSKDO LQVWDU PD[LPDO
OHYHOV RI -+ ,,, LQ WKH KHPRO\PSK ZHUH PHDVXUHG
MXVW DIWHU WKH PROW  QJPO 'XULQJ WKH IROORZLQJ
 WR  GD\V -+ ,,, ZDV XQGHWHFWDEOH RU IRXQG DW
YHU\ ORZ FRQFHQWUDWLRQ DQG LQFUHDVHG
VLJQLILFDQWO\RQGD\UHDFKLQJ ca. QJPO
$FFRUGLQJ WR RXU SUHYLRXV UHVXOWV &UX] HW DO
 YDOXHV RI -+ ,,, ELRV\QWKHVLV E\ &$ GXULQJ
WKH SHQXOWLPDWH Q\PSKDO LQVWDU DUH UHPDUNDEO\
ORZ  SPROKRXU SHU &$ SDLU RQ GD\  DQG
YLUWXDOO\ FRQVWDQW JLYHQ WKDW GLIIHUHQFHV EHWZHHQ
WKH GLIIHUHQW GD\V DUH QRW VWDWLVWLFDOO\ VLJQLILFDQW
ZKHUHDV WKRVH RI WKH ODVW Q\PSKDO LQVWDU DUH HYHQ
ORZHU DURXQG  SPROKRXU SHU &$ SDLU ZKHQ
UDWHV DUH PD[LPDO )LJ % 7KH -+ V\QWKHVLV
YDOXHV RI &UX] HW DO  KDYH EHHQ URXWLQHO\
FRQILUPHG LQ RXU ODERUDWRU\ 7KHVH YDOXHV DUH LQ
EURDG FRUUHVSRQGHQFH ZLWK KHPRO\PSK WLWHU
YDOXHV ZKHQ FRPSDULQJ WKH FRUUHVSRQGLQJ
LQVWDUV +RZHYHU WKH ORZ DQG YLUWXDOO\ FRQVWDQW
V\QWKHVLV YDOXHV PHDVXUHG LQ ILIWK LQVWDU Q\PSKV
FRQWUDVW ZLWK WKH PRGHUDWHO\ KLJK DQG SHDNLQJ
WLWHUV RI WKH VDPH LQVWDU &RQYHUVHO\ LQ WKH VL[WK
LQVWDU Q\PSKV WKH ORZ EXW VWLOO PHDVXUDEOH
V\QWKHVLV YDOXHV FRUUHVSRQG WR SUDFWLFDOO\ QXOO
WLWHUVGXULQJPRVWRIWKHLQVWDU
JH in the adult female
-+ ,,, WLWHU ZDV GHWHUPLQHG LQ WKH KHPRO\PSK RI
DGXOW IHPDOHV GXULQJ WKH ILUVW YLWHOORJHQLF F\FOH
DQG ZKLOH WUDQVSRUWLQJ WKH RRWKHFD )LJ $ -XVW
DIWHU WKH LPDJLQDO PROW -+ ,,, WLWHU ZDV VLPLODU WR
WKDW PHDVXUHG LQ WKH ODVW GD\ RI VL[WK Q\PSKDO
LQVWDU 7KHQ LW LQFUHDVHG VWHDGLO\ XQWLO DERXW 
QJPO ZDV SUHVHQW LQ  GD\ROG IHPDOHV 7KH WLWHU
GHFUHDVHG RQ GD\  DQG LQFUHDVHG DJDLQ XQWLO LW
UHDFKHG DERXW  QJPO LQ  GD\ROG IHPDOHV
ZKHQ EDVDO RRF\WHV EHJDQ FKRULRJHQHVLV
7KHUHDIWHU -+ ,,, WLWHU GHFUHDVHG GUDPDWLFDOO\ WR
SUDFWLFDOO\ XQGHWHFWDEOH OHYHOV ZKLFK FRLQFLGHG
ZLWK WKH ODVW KRXUV RI FKRULRJHQHVLV )LJ $
LQVHW
7KH SDWWHUQ RI -+ ,,, V\QWKHVLV E\ WKH &$ GXULQJ
WKH ILUVW YLWHOORJHQLF F\FOH )LJ % ZDV UHSRUWHG
E\ 0DHVWUR HW DO  DQG &UX] HW DO  7KHVH
UHVXOWV KDYH EHHQ URXWLQHO\ FRQILUPHG LQ RXU
ODERUDWRU\ 7KH SDWWHUQ RI V\QWKHVLV LV VLPLODU WR
WKDW RI -+ ,,, WLWHU LQ WKH KHPRO\PSK )LJ $
ZLWK WKH H[FHSWLRQ RI D GLVSDULW\ RQ GD\  ZKHUH
-+ V\QWKHVLV LV KLJKHU WKDQ RQ GD\V  RU  ZKHUHDV
-+WLWHULVORZHURQGD\UHODWLYHWRGD\VDQG
$IWHU WKH ILUVW YLWHOORJHQLF F\FOH KHPRO\PSK -+
,,, UHPDLQV XQGHWHFWDEOH GXULQJ PRVW RI WKH
SHULRG RI RRWKHFD WUDQVSRUW )LJ $ EXW
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Figure 1. $-XYHQLOHKRUPRQH,,,-+WLWHULQWKHKHPRO\PSKRIILIWKDQGVL[WKQ\PSKDOLQVWDUIHPDOHVRI
Blattella germanica9DOXHVUHSUHVHQWWKHPHDQ6(0n  ±$VWHULVNVPHDQWKDW-+,,,ZDVQRWGHWHFWDEOH
XQGHURXUFRQGLWLRQVRIDQDO\VLV%5DWHVRI-+,,,V\QWKHVLVE\ corpora allata &$LQFXEDWHG in vitro IURPILIWK
DQGVL[WKQ\PSKDOLQVWDUVRI B. germanicaDFFRUGLQJWRGDWDSUHYLRXVO\SXEOLVKHG&UX] et al. 
EHFRPHV GHWHFWDEOH DJDLQ IURP GD\  WR GD\ 
IURP ca.  QJPO WR ca.  QJPO LQFUHDVHV
GUDPDWLFDOO\ RQ GD\  ca.  QJPO DQG
GHFUHDVHV RQ GD\  ca.  QJPO ZKLFK LV ZKHQ
WKH RRWKHFD LV GHSRVLWHG )LJ $ -+ ,,, WLWHU
GXULQJ WKH ILUVW GD\ RI WKH VHFRQG YLWHOORJHQLF
F\FOH LV VLPLODU WR WKDW RI WKH ODVW GD\ RI RRWKHFD
WUDQVSRUWQRWVKRZQ
-+ ,,, V\QWKHVLV E\ WKH &$ LQ IHPDOHV WUDQVSRUWLQJ
WKH RRWKHFD LV YHU\ ORZ GXULQJ WKH ILUVW WZR WKLUGV
RI WKLV SHULRG DQG RQO\ LQFUHDVHV VOLJKWO\ LQ WKH
ODVW  GD\V SUHYLRXV WR RRWKHFD GURS DQG HJJ
KDWFKLQJ )LJ % 7KH SDWWHUQ GXULQJ WKHVH ODVW 
GD\V )LJ % FRQWUDVWV ZLWK WKDW RI -+ ,,, WLWHU LQ
WKH KHPRO\PSK )LJ $ WKH PRVW LPSRUWDQW
GLVSDULW\ DSSHDULQJ RQ GD\  ZKHQ -+ V\QWKHVLV
LVORZDQG-+WLWHULVYHU\KLJK
Discussion
&RPELQHG JDV FKURPDWRJUDSK\ DQG VHOHFWHG LRQ
PRQLWRULQJ PDVV VSHFWURPHWU\ VKRZHG WKDW RQO\
-+ ,,, LV GHWHFWHG LQ WKH KHPRO\PSK RI IHPDOH
Q\PSKV DQG DGXOWV RI B. germanica FRQILUPLQJ
WKH SUHYLRXV UHVXOWV RI &DPSV HW DO  DQG
6HYDOD HW DO  ,Q DGGLWLRQ -+ ,,, ZDV WKH RQO\
KRPRORJXH IRXQG LQ RWKHU VSHFLHV RI FRFNURDFKHV
VXFK DV Leucophaea maderae Nauphoeta
cinerea Blatta orientalis Diploptera punctata
DQG Periplaneta americana VHH %DNHU HW DO 
DQGUHIHUHQFHVWKHUHLQ
,Q WKH SHQXOWLPDWH Q\PSKDO LQVWDU ERWK -+ ,,,
WLWHU LQ WKH KHPRO\PSK DQG -+ ,,, SURGXFWLRQ E\
WKH &$ DUH PHDVXUDEOH 7KH FRQWUDVW EHWZHHQ WKH
ORZ DQG FRQVWDQW V\QWKHVLV YDOXHV DQG WKH
PRGHUDWHO\ KLJK DQG SHDNLQJ FRQFHQWUDWLRQ
YDOXHV VXJJHVWV WKDW PHFKDQLVPV RI -+
GHJUDGDWLRQ DUH DWWHQXDWHG ,Q WKH ODVW LQVWDU
KRZHYHU -+ WLWHU EHFRPHV YHU\ ORZ RU
XQGHWHFWDEOH DOWKRXJK -+ V\QWKHVLV LV GHWHFWHG LQ
FHUWDLQ GD\V DQG FDQ HYHQ DSSURDFK WKH OHYHOV
REVHUYHG LQ SHQXOWLPDWH LQVWDU 7KH YLUWXDO
DEVHQFH RI -+ LQ WKH KHPRO\PSK LQ WKH ODVW
Q\PSKDO LQVWDU KDV EHHQ REVHUYHG LQ RWKHU
FRFNURDFKHV VXFK DV D. punctata 6]LEER HW DO
 7REH HW DO  DQG N. cinerea /DQ]UHLQ
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Figure. 2 $-XYHQLOHKRUPRQH,,,-+WLWHULQWKHKHPRO\PSKRIDGXOWIHPDOHVRI Blattella germanicaGXULQJWKH
ILUVWYLWHOORJHQLFF\FOHDQGGXULQJWKHSHULRGRIRRWKHFDWUDQVSRUW9DOXHVUHSUHVHQWWKHPHDQ6(0n  ±7KH
FPHDQVGD\ROGIHPDOHVZLWKEDVDORRF\WHVGXULQJFKRULRQIRUPDWLRQ-+WLWHULQIHPDOHVWKDWDUHIRUPLQJWKH
FKRULRQDUHIXUWKHUGHWDLOHGLQWKHLQVHWVKRZLQJWKHYDOXHVGXULQJHDUO\FKRULRQIRUPDWLRQHFPLGGOHFKRULRQ
IRUPDWLRQPFDQGODWHFKRULRQIRUPDWLRQOF$VWHULVNVPHDQWKDW-+,,,ZDVQRWGHWHFWDEOHXQGHURXU
FRQGLWLRQVRIDQDO\VLV%5DWHVRI-+,,,V\QWKHVLVE\ corpora allata &$LQFXEDWHG in vitro IURPIHPDOHVRI B.
germanica LQWKHILUVWYLWHOORJHQLFF\FOHDFFRUGLQJWRGDWDSUHYLRXVO\SXEOLVKHG0DHVWUR et al. &UX] et al.
Q ±DQGGXULQJWKHSHULRGRIRRWKHFDWUDQVSRUWQ ±
HW DO  DQG LV LPSRUWDQW GXULQJ WKH
PHWDPRUSKLF PROW WKDW OHDGV WR WKH DGXOW VWDJH ,Q
D. punctata -+ WLWHU LQ WKH KHPRO\PSK LV
LQYHUVHO\ FRUUHODWHG ZLWK OHYHOV RI -+ HVWHUDVH
DFWLYLW\ 6]LEER HW DO  7KLV PD\ H[SODLQ WKH
IDVW FOHDULQJ RI KHPRO\PSK -+ LQ WKH ODVW
Q\PSKDO LQVWDU )LJ  DQG WKH ODFN RI
FRUUHVSRQGHQFH EHWZHHQ -+ WLWHU DQG -+
V\QWKHVLV
0D[LPDO FRQFHQWUDWLRQV RI -+ ,,, LQ WKH
KHPRO\PSK RFFXUUHG GXULQJ WKH YLWHOORJHQLF F\FOH
LQ DGXOW IHPDOHV UHDFKLQJ D SHDN RI ca.  QJPO
RQ GD\  )LJ $ 2XU SUHVHQW YDOXHV DUH
VRPHZKDW KLJKHU WKDQ WKRVH SUHOLPLQDU\ UHSRUWHG
&DPSV HW DO  DQG IDOO ZLWKLQ WKH VDPH
RUGHU RI PDJQLWXGH RI WKRVH SXEOLVKHG E\ 6HYDOD
DQG FRZRUNHUV  ,Q RWKHU FRFNURDFKHV
PD[LPDO OHYHOV RI FLUFXODWLQJ -+ DUH DOVR IRXQG LQ
WKH DGXOW YLWHOORJHQLF IHPDOH IRU H[DPSOH LQ L.
maderae LQ ZKLFK XS WR  QJPO KDYH EHHQ
PHDVXUHG (QJHOPDQQ DQG 0DOD  DQG D.
punctata ZKLFK VKRZV WKH KLJKHVW -+ OHYHOV HYHU
PHDVXUHG LQ D FRFNURDFK UHDFKLQJ  QJPO LQ
IXOOYLWHOORJHQHVLV7REHHWDO
,Q B. germanica -+ LQGXFHV YLWHOORJHQLQ
V\QWKHVLV 0DUWtQ HW DO  &RPDV HW DO 
&RPDV HW DO  ,QFUHDVLQJ -+ OHYHOV LQ WKH
KHPRO\PSK RI  WR  GD\ROG IHPDOHV FRUUHODWH
ZLWK WKH SURFHVV RI YLWHOORJHQHVLV DQG RRF\WH
PDWXUDWLRQ ,QWHUHVWLQJO\ -+ FRQWLQXHV WR
LQFUHDVH XQWLO GD\  )LJ  ZKHUHDV YLWHOORJHQLQ
SURGXFWLRQ EHJLQV WR GHFUHDVH DIWHU GD\  0DUWtQ
HW DO  7KLV VXJJHVWV WKDW -+ KDV RWKHU
IXQFWLRQV VXFK DV PRGXODWLQJ YLWHOORJHQLQ
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LQFRUSRUDWLRQ LQWR WKH RRF\WH 0DUWtQ HW DO 
,QGHHG WKH GHJUHH RI HQODUJHPHQW RI WKH
LQWHUFHOOXODU VSDFHV RI WKH IROOLFXODU HSLWKHOLXP
FRUUHODWHV ZLWK WKH UDWHV RI -+ V\QWKHVLV DQG ZLWK
WKH G\QDPLFV RI EDVDO RRF\WH JURZWK 3DVFXDO HW
DO
'XULQJ PRVW RI WKH SHULRG RI RRWKHFD WUDQVSRUW B.
germanica SUDFWLFDOO\ GRHV QRW SURGXFH -+
ZKLFK GHFUHDVHV RRF\WH JURZWK DQG DYRLGV WKH
SUHPDWXUH GHSRVLWLRQ RI WKH RRWKHFD 7REH DQG
6WD\  2VRULR HW DO  7KHUHIRUH LW LV QRW
VXUSULVLQJ WKDW KHPRO\PSK OHYHOV RI -+ ,,, DUH
YHU\ ORZ LQ DGXOW IHPDOHV GXULQJ WKH ILUVW GD\V RI
WKH SHULRG RI RRWKHFD WUDQVSRUW DQG WKDW WKLV
FRUUHODWHV ZLWK WKH ORZ OHYHOV RI -+ ,,, V\QWKHVLV
PHDVXUHG LQ WKH &$ )LJ  VHH DOVR 6HYDOD HW DO
 ,QWHUHVWLQJO\ -+ ,,, V\QWKHVLV DQG -+ ,,,
WLWHU EHJLQ WR ULVH GXULQJ WKH ODVW  GD\V RI WKH
WUDQVSRUW SHULRG DV D SUHOXGH WR WKH VHFRQG
YLWHOORJHQLF F\FOH +RZHYHU ZKHUHDV UDWHV RI -+
,,, V\QWKHVLV PDLQWDLQ PRGHUDWH WR ORZ TXLWH
FRQVWDQW OHYHOV KHPRO\PSK FRQFHQWUDWLRQ VKRZV
D FRQWUDVWLQJ SHDN RI ca.  QJPO RQ WKH
SHQXOWLPDWH GD\ )LJ  ZKLFK FRXOG EH LQYROYHG
LQ WKH SUHSDUDWLRQ RI WKH RYDULHV IRU D QHZ
JRQDGRWURSKLFF\FOH
,Q JHQHUDO WKHUH LV D VLJQLILFDQW SRVLWLYH
FRUUHODWLRQ EHWZHHQ -+ V\QWKHVLV DQG -+ WLWHU LQ
IHPDOHV LQ SHQXOWLPDWH DQG ODVW LQVWDU Q\PSKV LQ
DGXOWV GXULQJ WKH ILUVW YLWHOORJHQLF F\FOH DQG LQ
DGXOWV WUDQVSRUWLQJ WKH RRWKHFD )LJ  7KH PDLQ
GLVSDULWLHV DSSHDU RQ WKH SHQXOWLPDWH GD\ GD\ 
RI WKH ILUVW YLWHOORJHQLF F\FOH RI WKH DGXOW IHPDOH
ZKHQ DQ LQFUHDVH LQ V\QWKHVLV FRUUHVSRQGV WR D
GHFUHDVH LQ FRQFHQWUDWLRQ DQG RQ WKH SHQXOWLPDWH
GD\ GD\  RI WKH SHULRG RI RRWKHFD WUDQVSRUW
ZKHQ KLJK WLWHU FRQWUDVWV ZLWK ORZ UDWHV RI
V\QWKHVLV )LJ  7KHVH WZR VWDJHV DUH LPSRUWDQW
LQ WKH UHSURGXFWLYH F\FOH WKH ILUVW RQH EHFDXVH RI
WKH VKLIW IURP YLWHOORJHQHVLV WR SRVWYLWHOORJHQHVLV
DQG WKH VHFRQG EHFDXVH RI WKH UHYHUVH SURFHVV
7KHVH GLVSDULWLHV EHWZHHQ V\QWKHVLV DQG WLWHU FDQ
EH H[SODLQHG E\ D GLIIHUHQWLDO DFWLRQ RI -+
GHJUDGLQJ HQ]\PHV $V VWDWHG DERYH KHPRO\PSK
-+ FRQFHQWUDWLRQ KDV EHHQ VKRZQ WR EH LQYHUVHO\
FRUUHODWHG ZLWK OHYHOV RI -+ HVWHUDVH DFWLYLW\ LQ WKH
FRFNURDFK D. punctata 6]LEER HW DO 
8QIRUWXQDWHO\ -+ HVWHUDVHV KDYH \HW WR EH
PHDVXUHG RYHU WKHVH VWDJHV LQ B. germanica
:KDW LV FOHDU LV WKDW ERWK SDUDPHWHUV -+
V\QWKHVLV DQG -+ WLWHU DUH LPSRUWDQW LQ RUGHU WR
KDYH D FRPSOHWH SLFWXUH RI WKH HTXLOLEULXP
EHWZHHQ V\QWKHVLV GHJUDGDWLRQ DQG ELRORJLFDO
HIIHFWVRIWKHKRUPRQH
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